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[57] ABSTRACT 

A current limiting circuit for limiting current surges 
' ^caused oy oevice turn -on and by input Tine voltage 
" surges . The circuit has a current sensor for sensing" 
current surges and causing the current to be routed 
through a current limiting device, such as a resistor. 
The current sensing circuit senses b oth over current and 
^nornTat CUrfent conditl ornraiidTesgis tne currem limit - 
ing switch as appropriate. The use of a current sensor as 
opposed to a sensor for turn-on conditions or voltage 
levels provides actual control of the current thereby 
protecting the electrical device during the first applica- 
tion of power and from AC line voltage surges. 

7 Claims, 2 Drawing Sheets 
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caused by AC line voltage surges, and which operates 
CURRENT LIMITING DEVICE efficiently as part of the power supply. 

BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION 

i pioM rt f t fc* i«i,*»«ti rt « 5 T** present invention is directed to providing a cur- 

^ Field of the Invennon rent limiting circuit able to react to current surges dur- 

The present invention relates to electrical power ing startup g ^ ^ -jp current surges 

supply or regulation systems, and more particularly to ~ JL d b / A ^ line voltog * e s ' urges . The present invelT 
current limiUng devices for such systems^n part^lar, tton is d ^ cXtd t0 pr ovidmg a ^fier circuit that recti : 
^the present invention relates to a circuit providing cur - 10 fies AC voltage from an AC vo ltage^oli^^ 
^rennmmm g capabilities to limit m-msh current and - rectified teaj Sj ^ ^^B^Qr, ^urren t_ 
current surges during pperatio n. ^ Jmuiing !^ in paral- 

2. Background of the Invention leLThVbypass circBtBcTu3ii a current sensor for 

Power supplies for computers and other digiUl de- ^ ^ flowin m the 0 circuit If the 

vices typically accept an AC current source, and con- ^ exCfieds a dfied maximum| a signaJ is 

vert it into a DC current source for operation of the rated a switch t0 D ^ n the bypass circuit 

device. The AC source is rectified to produce high ^ ^ curfcnt tQ flow ^ h the currcnt limiting 
voltage DC power which is regulated to the voltage drcuit When currem m$ Mq ^ a dficd miniraum( 
level necessary for operation of the electronic device. A ^ switch . f doscd enabH the b cifcuit 
simplified diagram of such a power supply 90 is shown 2Q current scnsor circuk continue s to sample the bypass 

m Jf *?' 1 ^ AC lme ^ U ! r ^ 1S c ? nnecte ^^ Icctlfier circuit current and to cause the switch to open and close 
100 that produces rectified DC voltage which appears ^ a ^ ^ jow currenl kvd is reachefl that 

across the DC load 102. Filter capacitor 104 is prodded thc switch t0 ^ k t dosed 

to smooth the regulated DC voltage, ensuring a con- . 

stant voltage across load 102. 25 BRIEF DESCRIPTION OF THE DRAWINGS 

When the power supply 90 is first turned on, the FIG. 1 is a block diagram of a prior art power supply 

voltage across capacitor 104 will be zero while the ^ current limiting means. 

voltage at the output of rectifier 100 will be the maxi- F , G 2 ^ a bJock 0 f a po wer supp ] y incorpo- 

mum produced by the AC line source. The difference ra ting the present invention. 

between the AC line source voltage and voltage across 30 pj G 3 is a circu it diagram of the preferred embodi- 

capacitor 104 can be represented as VM AX. The initial ment of the pres e n t invention, 
large difference in voltage will create high current 

flows through the circuit as capacitor 104 is charged. DESCRIPTION OF THE PREFERRED 

These high currents may damage components in the EMBODIMENT 

power supply or cause disruption to the AC line source. 35 ^ preferred embodiment will be described with 

The prior art has dealt with this problem by introduc- reference to the figures in which corresponding ele- 

ing current limiting devices such as a current limiting ments m designated by the same reference numeral, 

resistor 106. Such devices prevent the in-rush current ^ power supply with a current limiting circuit ac- 

from exceeding a predetermined level and prevents cording to the present invention is designated generally 

damage to the components. The disadvantage of using a 40 a t 120 in FIG. 2. The current limiting circuit is used in 

current limiting resistor is that the overall circuit effi- connection with a rectifier 100, a filter capacitor 104, 

ciency is reduced due to the IR drop of the resistor. an£ j DC load 102. While the present circuit is described 

Thus, while the resistor is useful to control in-rush cur- m relation to these components, it could be used in 

rent surges, it decreases the efficiency of the circuit in ot her situations where there is a possibility of current 

steady state operation. Also, the circuit has poor volt- 45 variation and a need to control the current within cer- 

age regulation as a function of load current. tain bounds. The current limiter 106 is provided which, 

One approach to solving the inefficiency problem is in the preferred embodiment, is a thermistor, 
to use a negative temperature coefficient thermistor as Current sensor 122 senses the current flowing 
the current limiting device. The thermistor resistance through path 124. Based upon the level of current 
decreases as the device temperature increases. Thus, 50 sensed, bypass control 126 signals limiter bypass switch 
after; the power supply has reached the steady state and . 128 to open or close. Switch 128 controls whether the 
the thermistor heat has increased, the resistance will be current flows through bypass circuit 124 or is restricted 
very low, providing an efficient circuit. The disadvan- to flowing through current limiter 106. 
tage of this device is that it will not reduce current A combination of current sensor 122 and bypass con- 
surges caused by voltage surges at the AC source 101. 55 trol 126 will allow the circuit of the present invention to 
Thus, the thermistor provides little circuit protection control current flows during device startup as well as in 
against voltage surges. reaction to voltage surges through the circuit. 

A second approach to limiting the efficiency impact FIG. 3 shows one embodiment of a circuit according 

of current limiter 106 is to introduce a switch 108 that to the present invention. In FIG. 3, the current limiting 

provides a lower resistance circuit in parallel with the 60 means 106 is thermistor 106'. The limiter bypass switch 

current limiting resistor, The switch, such as an SCR, is 128 is implemented using ah FET 128'. The bypass 

activated once the circuit reaches steady state so that control section is shown generally at 126' and the cur- 

the current limiting device is switched out of the circuit rent sensor is shown generally at 122'. 

at steady state. This provides the advantages of an effi- The circuit of the present invention limits the current 

cient circuit but still provides no protection against 65 surges from the AC line to preselected values during 

current surges occurring after startup. initial turn-on and whenever AC line under voltage or 

Thus, there is a need for a current limiting circuit able over voltage transients occur. Peak AC line current 

to control both in-rush current and current surges flows through rectifier section 100 to the filter capacitor 
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104 and DC load 102 through two parallel circuit paths: 
one through current limiter 106' and the other through 
inductor 130, resistor 132 .and FET 128' (this is the path 
shown at 124 in FIG. 2). 

The circuit path 124 resistance when FET 128' is on, 
is set as low as possible to minimize the circuit loss. FET 
128' is switched off whenever current exceeding a spec- 
ified maximum current flows through path 124. The 
resistance 106' is set as high as possible to minimize the 
current flow through this branch when FET 128' is on, 
but the resistance must be low enough to clamp the 
voltage across the branch circuit to protect FET 128' 
from over voltage. 

The value for resistor 106' can be obtained by divid- 
ing the difference of maximum permissible FET voltage 
and VMAX by the designed maximum branch circuit 
current through branch 124. The maximum branch 
circuit current can be obtained by subtracting VMAX 
divided by the value of resistor 106' from the required 
peak AC current surge. 

Control circuit 126* is used to turn FET 128' on 
whenever the branch circuit current through 124 drops 
below a minimum value as chosen by the designer and . 
will turn FET 128' off when the maximum branch cir- 
cuit current 124 is reached. The control circuit 126' 
senses the current by looking at the IR drop across 
resistor 132. The control circuit may be powered up by 
using a bias resistor such as that shown at 136 or by 
using an alternate DC bias source. 

During operation, when FET 128' turns on, the cur- 
rent will ramp up at a rate determined by VMAX di- 
vided by the value of inductor 130. When FET 128' 
turns off, the current from inductor 130 will decay at a 
rate determined by the IR drop of resistor 132, and the 
forward voltage drop of the clamp diode 134. When the 
current through 124 decreases below a set minimum, 
control circuit 126' will turn on FET 128'. The current 
will ramp up and when it reaches the maximum value, 
control 126' will immediately turn otT FET 128'. The 
current sensor will therefore cause control circuit 126' 
to periodically turn FET 128' on to sample the current 
flow through branch circuit 124. As the difference be- 
tween the line voltage and voltage across capacitor 104 
VMAX decreases, FET 128' will remain on for longer 
periods of time, eventually staying on continuously 
until another current surge is detected. 

While the present invention has been described with 
reference to certain components and values, it will be 
recognized that other components can be substituted 
without changing the invention. These descriptions 
were provided for illustration only and should not be 
construed in a limiting sense. The scope of this inven- 
tion should be limited only by the language of the ap- 
pended claims. 

I claim: 

1. A current limiting rectifier circuit, comprising: 
rectifier means for rectifying AC voltage from an AC 

line voltage source to produce DC voltage; 
capacitance means connected across said DC voltage 

for smoothing said DC voltage; 
current limiting means having high resistance for 

dissipating current surges connected in series with 

said capacitance means; 



bypass circuit means for bypassing said current limit- 
ing means, said bypass circuit means connected in 
parallel with said current limiting means creating a 
low resistance bypass circuit; 

5 said bypass circuit means having: 

current sensor means for sensing the current level in 
said bypass circuit and generating a control signal 
when said current sensor means detects current 
greater than a set maximum current value or less 

10 than a set minimum value; and 

switch means connected to said current sensor means 
for opening and closing said bypass circuit in re- 
sponse to said control signal from said current 
sensor means, said switch means operating to open 

15 said circuit when current in said bypass circuit 
exceeds said maximum value and to close said cir- 
cuit when said current in said bypass circuit falls 
below said minimum value. 

2. The circuit of claim 1 wherein said current limiting 
20 means is a resistor. 

3. The circuit of claim 1 wherein said current limiting 
means is a negative temperature coefficient thermistor. 

4. The circuit of claim 1 wherein said switch means is 
a field effect transistor (FET). 

25 5. The circuit of claim 1 wherein said current sensor 
means comprises: 
resistance means for impeding current flow in said 

bypass circuit; 
comparator means for comparing a current flowing 
30 through said resistance means to said maximum 
current value; 
signal generating means for generating an "off' signal 
if said current flowing is greater than said maxi- 
mum current value, and for generating an "on" 
35 signal when said current flowing is less than said 
minimum current value; 
inductance means for storing current and acting as a 
current source for said current sensor when said 
switch means is "ofT. 
40 6. A current sensor circuit for sensing current flow in 
a circuit path and making or breaking said circuit path 
based on said sensed current flow, said circuit compris- 
ing: 

resistance means for impeding current flow in said 
45 circuit; 

sensor means for sensing current flow through said 

resistance means; 
control means for generating a control signal having 
a first value when said current flow sense by said 
50 sensor means is above a maximum value and having 
a second value when said sensed current flow is 
below a minimum value; 
switch means for making or breaking said circuit 
path, said switch means operating to break said 
55 circuit path in response to said first value of said 
control signal and to make the circuit otherwise; 
and 

inductance means for providing a current source to 
said resistance means when said circuit path is bro- 
60 ken, wherein said sensor means, said switch means 
and said inductance means are connected in electri- 
cal series. 

7. A circuit as claimed in claim 6 wherein said switch 
means is a field effect transistor. 
65 • • • • • 
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